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Summary
The Finnish population has often been viewed as an
isolate founded 2,000 years ago via a route across the
Gulf of Finland. The founding event has been charac-
terized as involving a limited number of homogeneous
founders, isolation, and subsequent rapid population
growth. Despite the purported isolation of the popula-
tion, levels of gene diversity for the Finns at autosomal
and mitochondrial DNA loci are indistinguishable from
those of other Europeans. Thus, mixed or dual origins
for the Finns have been proposed. Here we present ge-
netic evidence for the dual origins of Finns by evaluating
the pattern of Y chromosome variation in 280 unrelated
males from nine Finnish provinces. Phylogenetic analysis
of 77 haplotype configurations revealed two major star-
shaped clusters of Y haplotypes, indicative of a popu-
lation expansion from two common Y haplotypes. Dra-
matic and quite significant differences in Y haplotype
variation were observed between eastern and western
regions of Finland, revealing contributions from differ-
ent paternal types. The geographic distribution and time
of expansion for the two commonY haplotypes correlate
well with archeological evidence for two culturally and
geographically distinct groups of settlers. Also, a north-
eastern to southwestern gradient of Y haplotype fre-
quencies provides convincing evidence for recent male
migration from rural areas into urban Finland.
Introduction
After the emergence of the “Finnish disease heritage”
concept (Norio et al. 1973) and recent advances in mo-
lecular genetics, interest in the Finnish population, for
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studies on genetic disorders, has increased rapidly. At
present, there are 133 rare genetic diseases that are more
prevalent in Finland than in other populations (de la
Chapelle 1993). The high prevalence of these rare dis-
eases has been attributed to founder effects resulting
from Finland’s unique population history. This unique-
ness is conspicuously reflected by the fact that, unlike
most other Europeans, Finns do not speak an Indo-Eur-
opean language. Finnish is a member dialect of the Uralic
language family, whose only other speakers within Eu-
rope are found in Estonia, Hungary, and the circumpolar
regions of Finland, Sweden, Norway, and Russia (Saami)
(Ruhlen 1987).
Two opposing theories on the origin of the Finnish
population exist. The single-origin model purports a
founding of Finland ∼2,000 years ago by a small number
of settlers (Nevanlinna 1972; de la Chapelle 1993), fol-
lowed by relative isolation. Internal migration was min-
imal until the 17th century, when population movements
into late settlements of the north and east of Finland
began (Norio 1981; de la Chapelle 1993). During the
period of isolation, population growth was not constant
because of wars, famine, and disease (Peltonen et al.
1995), and it was not until the last 300 years that a
population expansion occurred—from ∼250,000 indi-
viduals to 15,000,000. A competing model, the dual-
origins hypothesis, contends that two different groups
settled Finland. The first group arrived from the east,
near the Lake Ladoga region, and the second group ar-
rived from the south via the Gulf of Finland (Eriksson
1973; Meinander 1973; Norio 1981). Like its opposing
model, the dual-origin model asserts that the Finnish
population has remained isolated for ∼2,000 years, es-
pecially in some of the more sparsely populated regions
of the country. Consequently, the stochastic effects of
genetic drift over ∼80 generations greatly shaped the
geographic distribution of disease alleles.
The close linguistic affinity between Finns and Esto-
nians has been the basis for those who trace a single
origin of the Finnish population to an area south of the
Gulf of Finland that includes present-day Estonia (Nev-
anlinna 1972; Luho 1976; Fodor and Czeizel 1991).
However, archeological evidence supports the dual-ori-
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gins model, with considerable cultural differences be-
tween eastern and western Finland. The cultural differ-
ences, which include eastern and western varieties of
plows, sleighs, and architecture (Luho 1976; Vilkuna
1976), date back almost 1,000 years (Hajdu 1975).
Genetic evidence for the single-origin model was
claimed in studies of blood antigens (Nevanlinna 1972,
1973). However, these marker systems possess low re-
solving power for assessing population structure. Re-
duced gene diversity has yet to be reasonably demon-
strated in autosomal and mitochondrial DNA studies of
the Finns (Kittles et al. 1996; Lahermo et al. 1996).
However, genetic evidence for a Finnish population bot-
tleneck was recently reported as a marked reduction in
Y chromosome diversity for Finns as compared with
other populations (Sajantila et al. 1996). Although re-
duced levels of Y chromosome haplotype diversity may
appear to support a single origin of the Finns, it reveals
little, if anything, about the different types of Y chro-
mosomes in the Finnish population or about their
ancestry.
Here we determine whether the single- or dual-origin
model best explains the diversity, distribution, and line-
ages of Y chromosomes in the Finnish population. Com-
pound haplotypes were constructed by use of seven Y-
specific microsatellite loci, a restriction site at the Y al-
phoid satellite DYZ3 locus (Santos et al. 1995), and a
deletion polymorphism at the DYF155S2 locus (Jobling
et al. 1996) for 280 unrelated males from nine Finnish
provinces. The deletion polymorphism is common in
populations with Asian ancestry and has been observed
in Finland at a frequency of ∼55% (Jobling et al. 1996).
Y chromosome compound haplotypes constructed by
use of these Y-specific loci are extremely informative for
population genetic studies, mainly because of the high
mutation rates of microsatellite loci, their paternal/
clonal inheritance, and an effective population size,
∼25% that of autosomes. Here we present genetic evi-
dence in support of two independent groups of settlers
founding Finland, one from Asia and the other from
Europe.
Material and Methods
DNA Samples
DNA was obtained from 280 unrelated men born in
Finland. All subjects had Finnish surnames and were
participants in one of two long-term genetic studies of
the Finnish population: a National Public Health Insti-
tute (Finland) project on cardiovascular disease risk fac-
tors (Vartiainen et al. 1994) and a National Institute on
Alcohol Abuse and Alcoholism, (U.S. NIH) project on
the genetics of alcoholism and related behaviors (Virk-
kunen et al. 1994).
Polymorphism Typing
Genotyping was performed blind to geographic origin
of samples. Primer sequences for two trinucleotide repeat
loci, DYS388 and DYS392, and five tetranucleotide re-
peat loci DYS389, DYS390, DYS391, DYS393, and
DYS394, were identified from the Genome Data Base
and tested for Y chromosome specificity. DYS394 is the
same locus as the commonly used DYS19 locus. Primers
for the DYS389 locus amplified two products: a smaller
(240–260 bp) and a larger (370–400 bp) product. Only
the smaller product, designated DYS389a, was used for
the analyses. For each PCR, 50 ng of genomic DNA was
added to 200 uM of dNTPs, 10 mM Tris-HCl (pH 
8.3), 50 mM KCl, 1.0–2.0 mM MgCl2, 0.6 U AmpliTaq
polymerase (Perkin Elmer), and 0.33 mM of primers. The
forward primers were fluorescently labeled. The PCR
cycling conditions consisted of 93C for 3 min; 10 cycles
at 94C for 15 s, 55C for 15 s, and 72C for 30 s; 20
cycles at 89C for 15 s, 55C for 15 s, and 72C for 30
s; and an extension cycle at 72C for 10 min. The PCR
products were then pooled in the presence of a size stan-
dard (Genescan 500 GS) and electrophoresed by use of
an ABI 373A DNA sequencer. Alleles at each locus were
determined by the GS Analysis and Genotyper programs
(ABI). Corrections were made for individual gel shifts
by means of the computer program BioAutoGraph (writ-
ten by J.C. Long and M. Ross), and discrete size cate-
gories were assigned to the PCR products.
Deletion of the DYF155S2 locus (Jobling et al. 1996)
was detected by PCR. Primer sequences and PCR con-
ditions were as described by Jobling and Tyler-Smith
(1995) and Jobling et al. (1996). A PCR-based assay
was also used to type a restriction site polymorphism at
the DYZ3 alphoid satellite DNA locus (Tyler-Smith and
Brown 1987; Tyler-Smith et al. 1993; Santos et al. 1995).
Forty nanograms of genomic DNA was amplified with
200 mM dNTPs, 10 mM Tris-HCl (pH  8.3), 50 mM
KCl, 1.0–2.0 mM MgCl2, 0.6 U of AmpliTaq polymer-
ase, and 0.33 mM of the forward and reverse primers
designated U972 (5′-TCT GAG ACA CTT CTT TGT
GGT A-3′) and L1214 (5′-CGC TCA AAA TAT CCA
CTT TCA C-3′). The PCR conditions were as follows:
94C for 3 min, and then 30 cycles at 94C for 30 s,
65C for 30 s, and 72C for 1 min. After amplification,
the PCR products were visualized on a 3.5% agarose
gel. The presence or absence of the restriction site poly-
morphism was detected by use of 5 ml of PCR mixture,
20 U of the restriction enzyme HindIII (New England
Biolabs), and the recommended buffer incubated over-
night at 37C.
Phylogenetic and Statistical Analyses
All nine loci were used to construct Y chromosome
haplotypes. The phylogeny of Y chromosome haploty-
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pes was inferred by maximum parsimony, by means of
the program Phylogenetic Analysis Using Parsimony
(PAUP 3.1.1; Swofford 1993). Y chromosome micro-
satellite alleles were defined as ordered characters, in-
corporating the single stepwise mutation model, after
the mutation/drift model of Kimura and Ohta (1978),
which has been proposed as a model for microsatellite
mutations (Shriver et al. 1993; Valdes et al. 1993;
DiRienzo et al. 1994). Confidence in the phylogeny was
determined by bootstrapping (10,000) and repeated cla-
dogram constructions. An unrooted haplotype phylog-
eny with branch lengths proportional to mutational
steps was constructed. Major haplogroups were sup-
ported by 100% of bootstraps.
Haplotype diversity, the probability that two individ-
uals chosen at random from a population have different
Y chromosome haplotypes, was estimated, along with
its standard errors, by use of equations (8.5) and (8.13)
of Nei (1987). Differences among populations were as-
sessed by use of the hierarchical analysis of molecular
haplotype variance calculated with the WINAMOVA
computer package (Excoffier et al. 1992; Michalakis and
Excoffier 1996). The distance matrix used in the analysis
of molecular variance (AMOVA) contained the sum of
squared differences in the repeat numbers for each mi-
crosatellite locus. Variance components were estimated
for three hierarchical levels: FCT, groups of Finnish prov-
inces (regions) relative to the total population; FSC, prov-
inces relative to groups of provinces (regions); and FST,
provinces relative to the total population. Significance
levels were obtained by comparison of observed values
to the empirical null distribution from 1,000
randomizations.
Results
Phylogenetic Analysis
Table 1 shows the 77 distinct Y chromosome haplo-
type configurations that were observed in the Finnish
population. Thirty-four of the Y haplotypes were ob-
served in single copies. Only two haplotypes (49 and
69) were found in high frequency. Haplotype 49 was
observed in 81 males (29%) and haplotype 69 in 30
males (11%) (table 1).
The unrooted haplotype phylogeny relating all 77 Y
haplotypes is depicted in figure 1. Three distinct hap-
logroups were observed. Haplogroup A is the largest
(55%), and all members of this group of haplotypes
share the DYF155S2 deletion polymorphism associated
with several Asian populations (Jobling et al. 1996).
Haplogroups B and C do not possess the deletion, but
are defined by the presence or absence of the HindIII
restriction site at the DYZ3 locus. Haplogroup B, the
second largest group of haplotypes (29%), possesses the
restriction site. Haplogroup B is phylogenetically com-
plex and is composed of four subgroups. All four sub-
groups are found in other European populations (un-
published data). However, subgroup B1 appears to have
expanded within Finland, whereas subgroups B2, B3,
and B4 consist of divergent haplotypes (fig. 1). Y chro-
mosomes from haplogroup C do not possess the HindIII
restriction site. Similar to the three subgroups, B2, B3,
and B4, haplogroup C consists of three subgroups of
rare divergent haplotypes that most likely represent re-
cent European immigrants into Finland.
Phylogenetic analysis provides evidence for the an-
tiquity of common haplotypes A/49 and B/69. The un-
rooted haplotype phylogeny in figure 1 depicts both
groups as star-shaped with haplotypes coalescing to the
most common Y haplotype in the group. A majority of
the single-copy haplotypes found in the Finnish popu-
lation are within four mutational steps from either hap-
lotype A/49 or haplotype B/69. Others are rare divergent
haplotypes. This is strong evidence for a recent popu-
lation expansion from the two common Y haplotypes.
Also, x10 microsatellite mutational steps, plus the de-
letion at the DYF155S2 locus, separate the two common
haplotypes. Thus, it is very unlikely that haplogroups A
and B originate from the same source population.
The unrooted haplotype phylogeny reveals that al-
most all of the haplotypes in haplogroups A and B are
linked to other haplotypes by just one single-step mu-
tation. This was especially true for haplogroup A, where
all but two of the intermediate haplotypes were ob-
served. These hypothetical haplotypes are represented
by slashes (fig. 1). However, haplogroup B contained
three subgroups, B2, B3, and B4, which diverged from
haplotype B by at least three mutational steps. Most
importantly, many of the intermediate haplotypes for
haplogroups B and C were not observed in the Finnish
population. These observations suggest that subgroups
B2, B3, and B4 do not coalesce to the common haplotype
B within the Finnish population, but to a copy of hap-
lotype B in another population. Similarly, subgroups C1,
C2, and C3 should coalesce to a common haplotype
outside of Finland. In fact, each of the intermediate hap-
lotypes for haplogroups B and C are observed in Swedish
and Euroamerican males (unpublished data). Thus, ei-
ther haplotypes in group B were possessed by a diverse
group of founders and subgroup B1 was the most suc-
cessful, or subgroups B2, B3, and B4 were introduced
by recent European immigrants. Either way, subgroups
B2, B3, and B4 are unlikely to be part of the Finnish
expansion from haplotype B/69.
Since haplogroups A and B1 coalesce to a common
haplotype, we calculated a rough estimate of the coa-
lescence times of haplotypes within the two groups. We
assume that the coalescence times for the two haplo-
groups co-occur with their entry into Finland. If this is
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Table 1
Finnish Y Chromosome Haplotypes
Group Haplotype DYS388 DYS389a DYS390 DYS391 DYS392 DYS393 DYS394 DYZ3 DYF155S2
No.
Observed
A 49 129 255 214 287 257 128 247   81
A 25 129 251 214 287 257 128 247   6
A 26 129 251 214 287 257 132 247   5
A 35 129 251 218 287 257 128 259   2
A 36 129 251 218 287 257 128 247   1
A 44 129 255 214 283 257 128 259   1
A 50 129 255 214 287 257 132 247   4
A 51 129 255 214 287 260 128 247   1
A 52 129 255 214 287 257 128 251   2
A 53 129 255 214 287 257 128 255   1
A 54 129 255 214 287 257 128 259   2
A 55 129 255 214 287 257 128 263   2
A 56 129 255 214 291 257 128 247   2
A 57 129 255 214 291 260 128 247   1
A 58 129 255 218 287 257 128 247   4
A 9 129 251 210 283 257 124 247   2
A 10 129 251 210 283 257 128 247   5
A 11 129 251 210 283 257 128 251   2
A 20 129 251 214 283 257 128 247   1
A 37 129 255 210 283 257 128 247   4
A 43 129 255 214 283 257 128 251   1
A 45 129 255 214 283 257 128 247   8
A 59 129 259 210 283 257 128 247   1
A 60 129 259 214 283 257 132 247   1
A 12 129 251 210 287 257 120 247   2
A 13 129 251 210 287 257 124 247   1
A 14 129 251 210 287 257 128 247   11
A 16 129 251 210 287 257 128 251   1
A 24 129 251 214 287 257 124 247   1
A 39 129 255 210 287 257 124 247   2
A 40 129 255 210 287 257 128 247   7
A 41 129 255 210 287 257 132 247   1
A 48 129 255 214 287 257 124 247   1
A 62 132 251 210 287 257 124 247   1
B1 69 135 247 210 283 248 124 247  ) 30
B1 61 132 247 210 283 248 124 247  ) 1
B1 65 135 247 206 283 248 124 247  ) 2
B1 66 135 247 206 283 248 124 251  ) 1
B1 67 135 247 206 283 251 124 251  ) 1
B1 68 135 247 210 283 248 124 243  ) 2
B1 70 135 247 210 283 248 124 251  ) 4
B1 71 135 247 210 283 248 124 259  ) 2
B1 72 135 247 210 283 251 124 247  ) 3
B2 73 141 251 210 283 248 120 247  ) 3
B2 74 141 255 214 283 257 132 247  ) 2
B2 75 141 255 214 283 257 128 247  ) 1
B2 76 144 247 210 283 248 124 247  ) 1
B2 77 144 251 210 283 248 124 251  ) 1
B2 78 144 255 214 283 257 128 247  ) 2
B3 21 129 251 214 287 248 124 259  ) 1
B3 28 129 251 218 283 248 124 263  ) 1
B3 29 129 251 218 283 248 124 255  ) 1
B3 30 129 251 218 283 248 128 251  ) 2
B3 63 132 251 214 283 248 124 255  ) 1
B3 64 132 251 214 287 248 124 251  ) 2
B4 5 129 247 210 283 248 124 247  ) 7
B4 6 129 247 210 283 248 124 251  ) 1
B4 7 129 251 210 283 248 124 251  ) 2
B4 18 129 251 214 283 248 124 243  ) 1
B4 38 129 255 210 287 248 128 247  ) 1
C1 3 126 251 214 287 254 124 247 ) ) 1
(continued)
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Table 1 (continued)
Group Haplotype DYS388 DYS389a DYS390 DYS391 DYS392 DYS393 DYS394 DYZ3 DYF155S2
No.
Observed
C1 4 129 243 214 283 254 124 247 ) ) 2
C1 8 129 251 210 283 254 120 251 ) ) 2
C1 19 129 251 214 283 254 124 247 ) ) 3
C1 22 129 251 214 287 254 124 247 ) ) 4
C1 23 129 251 214 287 254 128 247 ) ) 1
C1 34 129 251 218 287 254 124 247 ) ) 1
C1 42 129 255 214 283 257 124 247 ) ) 2
C1 47 129 255 214 287 254 124 247 ) ) 3
C2 1 126 247 210 283 248 124 247 ) ) 1
C2 2 126 251 206 283 248 124 243 ) ) 2
C2 17 129 251 214 283 248 124 247 ) ) 1
C3 27 129 251 218 283 248 124 251 ) ) 3
C3 31 129 251 218 287 248 124 259 ) ) 2
C3 32 129 251 218 287 248 124 255 ) ) 3
C3 33 129 251 218 287 248 124 251 ) ) 4
C3 46 129 255 214 287 248 128 255 ) ) 1
NOTE.—Allele sizes (bp) are shown for the seven microsatellite loci. A plus sign () at DYZ3 and DYF155S2 denotes the presence of the
HindIII or deletion polymorphisms at the respective locus.
so, then the expected variance in microsatellite repeat
length (S) can be used to estimate T, the expected value
of the average coalescence time for microsatellite alleles
or time since rapid population growth. The theoretical
relationship was applied using a mutation2S  2mTj
rate (m) of 103 and a mutational variance (j2) of 1 for
the one-step mutation model (DiRienzo et al. 1994; Slat-
kin 1995). By use of the observed variance in S of 0.39
for haplogroup A and 0.13 for haplogroup B1, and a
generation time of 25 years, the approximate coales-
cence times for haplogroups A and B were found to be
4,875 and 1,625 years ago, respectively. Coalescence
times were also calculated by use of the recently esti-
mated mutation rate of (95% confidence in-32.1# 10
terval [CI] and ) for Y chromo-3 30.6# 10 4.9# 10
some–specific microsatellites (Heyer et al. 1997). The
estimates were 2,321 years ago (95% CI 8,125–995
years ago) for haplogroup A and 774 years ago (95%
CI 2,708–332 years ago) for haplogroup B. Neverthe-
less, the 95% CIs for the coalescence times do not con-
flict with the archeological data for the arrival of two
distinct groups of settlers.
Y Haplotype Diversity and Distribution
Haplotype diversity was estimated at 0.899 0.007
for the entire population. This value is quite striking,
especially since studies using fewer microsatellite loci
have observed significantly higher Y chromosome hap-
lotype diversity in other European populations (Cooper
et al. 1996; Roewer et al. 1996). Table 2 details Y hap-
lotype diversity for each of the provinces. These values
range from in the urban Turku (2) prov-0.971 0.004
ince to in the eastern province of0.748 0.031
Northern Karelia (9).
The frequencies of haplogroups A and B for each prov-
ince are also presented in table 2. Since haplogroup A
is the most common throughout Finland, it can be in-
ferred that entry of this haplogroup into the Finnish
population, and subsequent expansion, predate haplo-
group B. We have been able to determine that haplo-
group B is not exclusive to Finland but is also found in
Swedish ( ) and Euroamerican ( ) males atn  45 n  32
frequencies of ∼16% and ∼5%, respectively. In sharp
contrast to haplogroup B, haplogroup A is a divergent
cluster of related haplotypes not found in Swedish and
Euroamerican males.
Figure 2 depicts the geographic distribution of hap-
lotypes A/49 and B/69. Interestingly, haplotype A/49 was
found in highest frequency in the eastern provinces of
Northern Karelia, Kuopio, and Kymi. The most striking
of these provinces is Northern Karelia, where 50% of
males possess haplotype A/49, whereas only 2% possess
haplotype B/69. The opposite pattern is observed in the
southwest. Table 2 shows that haplotype A/49 was ob-
served in Turku at 6% and Helsinki at 29%, yet its
descendant haplotypes (haplogroup A) were observed at
a much higher frequency (58% and 42%, respectively).
This pattern most probably reflects recent population
movement into urban areas during the period of indus-
trialization after World War II (Norio 1981).
Finnish Population Substructure
The apportionment of Y chromosome haplotype di-
versity in Finnish provinces was performed by use of
AMOVA. Provinces were grouped together into regions
that distinguish the early and late settlements of Finland
(de la Chapelle 1993). The early settlements consisted
of the Helsinki (1), Turku (2), Hame (3), and Kymi (4)
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Figure 1 Unrooted Y haplotype phylogeny relating 77 Y chromosome haplotypes observed within the Finnish population. Haplogroups
A and B1 are depicted in red and green, respectively. Branch lengths are proportional to the minimum number of mutational steps separating
haplotypes. Numbers represent observed haplotypes. Circles are proportional to haplotype frequencies.
provinces; whereas the late settlements included Vaasa
(6), Kuopio (8), Northern Karelia (9), Oulu (10), and
Lappi (11) (fig. 2). Table 3 shows that 10% of the total
genetic variance is attributable to differences between
the Finnish provinces ( ). A significant amountP ! .001
(∼4%, ) of the total variance was due to differ-P ! .02
ences between the early and late settlements of Finland.
The FSC estimate of 0.065 reveals that an appreciable
amount of Y chromosome divergence was also observed
within the two regions.
Discussion
Convincing genetic evidence for the dual origins of
Finns was revealed by an analysis of Y chromosome
compound haplotypes from nine Finnish provinces. Two
distinct male lineages contributed to the present Finnish
population. Haplotypes were constructed from nine Y-
specific loci, including a deletion polymorphism
(DYF155S2) found in populations of Asian ancestry. We
note that the deletion polymorphism was found by Jo-
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Table 2
Summary of Y Chromosome Haplotype Frequencies and Diversity for Finnish Provinces
Province (Code) n k
Haplotype
A
Haplotype
B
Group
A
Group
B Haplotype Diversity
Helsinki (1) 34 16 .29 .24 .42 .41 .866  .020
Turku (2) 51 32 .06 .12 .58 .27 .971  .004
Hame (3) 20 13 .20 .15 .50 .25 .942  .013
Kymi (4) 20 7 .40 .25 .45 .55 .784  .030
Vaasa (6) 20 14 .15 .15 .50 .40 .958  .009
Kuopio (8) 37 20 .38 .03 .76 .16 .856  .027
Northern Karelia (9) 58 22 .50 .02 .83 .15 .748  .031
Oulu (10) 20 12 .25 .00 .50 .15 .921  .018
Lappi (11) 20 11 .25 .15 .40 .25 .918  .018
Total (pooled) 280 77 .29 .11 .55 .29 .899  .007
NOTE.—n  number of chromosomes, and k  observed number of haplotypes.
bling et al. (1996) in one Norwegian and two Greeks.
Since the polymorphism is rare in these two populations,
its presence is most likely due to recent male migrants
with Asian ancestry. Similar results were observed by
Zerjal et al. (1997) in relation to a TrC transition on
the Y chromosome. In fact, the C allele chromosomes
were found to compose a subset of DYF155S2 deleted
chromosomes (Zerjal et al. 1997).
In contrast to other Scandinavian populations, the
most common and widely distributed haplotype (A/49)
in Finns contained the DYF155S2 deletion. Haplotype
A/49 is restricted to Finland and has not been found in
other Scandinavian populations (unpublished data). The
other common Y haplotype (B/69) lacks the deletion
polymorphism and is observed in other European pop-
ulations. From the geographical distribution and mo-
lecular divergence of haplotypes A/49 and B/69, we con-
clude that they represent two major founding Y
chromosome lineages in Finland. Haplotype A/49 is
most common in the northeast, near the Lake Ladoga
region, and haplotype B/69 is common in the south. A
radiation or movement of males from these two regions
toward the interior of Finland may have occurred, since
both haplotypes A/49 and B/69 were observed at ap-
proximately equal frequencies in the Hame (3), Vaasa
(6), and Kymi (4) provinces. An interesting pattern was
observed in the Lappi (11) and Oulu (10) provinces.
Haplotype B/69 was not detected in the Oulu province;
however, just north, in the Lappi province, it was ob-
served at a frequency of 25%. Haplotype B/69 may have
entered the Lappi province from Sweden, since the west-
ern border of Lappi is shared with Sweden, whereas the
Gulf of Bothnia is west of the Oulu province.
The geographic distribution of haplotypes depicts sep-
arate and distinct routes into Finland for the two groups
of settlers. Haplotype A/49 may have entered Finland
from the Lake Ladoga region, whereas settlers possess-
ing haplotype B/69 traveled across the Gulf of Finland
and the Swedish border. The multiple routes of entry for
haplotype B/69, in addition to the complex phylogeny
of haplogroup B, suggests that the expansion of hap-
logroup B in Europe predates its entry into Finland. We
cannot rule out the possibility that haplotype B/69 is
also common in Asia. To date however, we have not
observed the haplotype in Asians (Taiwanese, ,n  20
and Koreans, ).n  20
Although it is difficult to determine the level of var-
iation that existed within the two founding lineages at
the time of settlement, the two groups were unlikely to
be homogeneous for their Y chromosomes. Estimates of
the time of expansion for the two haplogroups reveal
that haplotype A/49 predates haplotype B/49 in Finland.
This is concordant with the high frequency and wide
geographic distribution of haplotype A/49. The esti-
mated expansion time for haplogroup A predates that
for haplogroup B by almost 2,000 years. Although a
mutation rate has recently been estimated for Y chro-
mosome microsatellites (Heyer et al. 1997), the muta-
tional variance has not been formally established. If we
include this uncertainty along with others, such as the
size, level of variation, and rate of growth of the found-
ing populations, the 95% CIs for the time estimates are
expanded further. Nevertheless, the expansion times are
informative and provide clear support for separate
foundings of the population. This is important because
the founding of Finland ∼2,000 years ago is the defining
characteristic of the single-origin model. Our results ar-
gue against the single-origin model. Specifically, we find
evidence that the initial group of settlers provided a sub-
stantial contribution (55%) to the present Finnish Y
chromosome gene pool. These settlers were of Asian an-
cestry and were followed by a second, genetically distinct
wave of settlers. This second group, possessing haplo-
group B, may have arrived in Finland with the wave of
agriculturists who shaped much of the genetic landscape
of Europe (Sajantila and Paabo 1995). These estimates
are consistent with archeological data that suggest that
the first settlers were Uralic speakers who arrived∼4,000
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Figure 2 Geographical distribution of common haplotypes A
and B for nine provinces within Finland. 1  Helsinki, 2  Turku, 3
 Hame, 4  Kymi, 6  Vaasa, 8  Kuopio, 9  Northern Karelia,
10  Oulu, and 11  Lappi. Arrows represent probable points of
entry of settlers into Finland.
Table 3
Genetic Differentiation of Finnish Provinces
Type of Comparison
Percent
Variance F statistic P value
Among regions (old
vs. new Finland) 3.76 FCT  .038 .05
Among provinces/
within regions 6.24 FSC  .065 .001
Within provinces 90.01 FST  .100 !.001
years ago (Fodor and Czeizel 1991) and that a later
group settled along the southern shores ∼2,000 years
ago (Luho 1976).
Partition of Y chromosome variance revealed that
10% of the total variance was found between provinces.
Interestingly, ∼4% of the total variance is attributed to
differences between what have been termed “old Fin-
land” and “new Finland” (de la Chapelle 1993). These
values are quite high for a population traditionally
viewed as a homogeneous genetic isolate. In fact, the
significant genetic differences between provinces are due
not only to the mixed or dual origins of Finns but also
to the limited number of settlers and isolation by
distance.
We note that, since genetic drift has been a strong
force operating within Finland (Nevanlinna 1972; Norio
1981; de la Chapelle 1993; Peltonen et al. 1995), it may
also be responsible for elevated Y haplotype frequencies
in certain regions. However, if the geographical pattern
of Y haplotypes is due to drift only, the enrichment
would be expected to be random, and no pattern would
be expected, since different Y haplotypes would be en-
riched in different regions. Nevanlinna (1972) has
shown that genetic drift within Finland operated ran-
domly across each subisolate resulting in the loss and
enrichment of rare genes.
In summary, our interpretation of the Y chromosome
data is that two separate founder populations provided
a substantial contribution to the Finnish gene pool. A
strong clinal distribution of Y haplotype frequencies was
observed, indicative of a migration of males from the
Lake Ladoga region into the interior of Finland. This
pattern contradicts predictions of the single-origins hy-
pothesis of a single homogeneous group of founders ar-
riving in the south and slowly dispersing into the north
(de la Chapelle 1993; Lahermo et al. 1996). Concordant
with the archeological evidence for the dual-origins hy-
pothesis, significant differences between eastern and
western Finland exist for two common yet polyphyletic
Y chromosome haplotypes.
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